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© Permanent magnet having improved corrosion resistance and method for producing the same. 

© A permanent magnet of the neodymium-iron-boron type having improved corrosion resistance imparted by a 
combination of oxygen, carbon and nitrogen. Oxygen is provided in an amount equal to or greater than 0.6 
weight percent in combination with carbon of 0.05-0.15 weight percent and nitrogen 0.15 weight percent 
maximum. Preferably, oxygen is within the range of 0.6-1.2% with carbon of 0.05-0.1% and nitrogen 0.02-0.15 
weight percent or more preferably 0.04-0.08 weight percent. The magnet may be heated in an argon atmosphere 
and thereafter quenched in an atmosphere of either argon or nitrogen to further improve the corrosion resistance 
of the magnet. 
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This invention relates to a permanent magnet having improved corrosion resistance and a method for 
producing the same. 

It is known to produce permanent magnets of a rare earth element-iron-boron composition to achieve 
high energy product at a lower cost than samarium cobalt magnets. These magnets do, however, exhibit 

5 severe corrosion by oxidation in air, particularly under humid conditions. This results in degradation of the 
magnetic properties during use of the magnet. 

Efforts have been made to improve the corrosion resistance of those magnets, such as by applying 
metallic platings thereto, using aluminum-ion vapor deposition coatings, organic resin coatings, synthetic 
resin coatings, metal-resin double layer coatings, as well as combinations of these coating systems. In 

io addition, chemical surface treatments have been employed with these magnets in an attempt to improve the 
corrosion resistance thereof. 

Metallic platings, applied by electro or electroless plating practices, provide platings of nickel, copper, 
tin and cobalt. These practices have been somewhat successful in improving the corrosion resistance of 
these magnets. Problems may result with this plating practice from the acidic or alkaline solutions used in 

75 the pretreatment employed prior to the plating operation. These solutions may remain in the porous surface 
of the magnet or may react with neodymium-rich phases thereof to form unstable compounds. These 
unstable compounds react during or after plating to cause loss of plating adhesion. With metallic platings, it 
is common for the plating to exhibit microporosity which tends to accelerate reaction of unstable phases. 
For example, if there is a reactive media, such as a halide, in the environment, such as is the case with salt 

20 water, a galvanic reaction may result between the metallic plating and the unstable phases of the magnet. 

With aluminum-ion vapor deposition no pretreatment is required and thus the problems of metallic 
platings in this regard are avoided. Coatings of this type, however, are characterized by significant 
microporosity because of the nonuniform deposition of the coating on the surface of the magnet. In addition, 
this practice is not amenable to mass production processes and thus is too expensive for commercial 

25 application. 

The use of resin coatings suffer from poor adhesion to result in the gradual removal of the coating 
followed by oxidation of the magnet surface at the removed coating portion thereof. 

Metallic-resin double layered coatings if not applied in a continuous fashion result in accelerated, 
spreading corrosion from any areas of coating discontinuity. 
30 Chemical surface treatments, including chromic acid, hydrofluoric acid, oxalic acid or phosphate 
treatments, all suffer from the disadvantage of requiring expensive equipment to comply with environmental 
regulations. Consequently, these practices are not commercially feasible from the cost standpoint. 

All of the conventional methods for improving the corrosion resistance of permanent magnets of this 
type suffer from the same deficiency in that the corrosion protection is obtained by a surface treatment of 
35 the magnet. Accordingly, the magnet per se is not stabilized with respect to corrosion by any of these 
surface-treatment practices. 

It is known to vary the composition of the magnet to improve the corrosion resistance, thereof. Alloy 
modifications of this type are disclosed in Narasimhan et al., U.S. Patent No. 4,588,439 wherein an oxygen 
addition is added to improve corrosion resistance by reducing the disintegration of the magnet in humid 
40 high-temperature conditions. A. Kim, and J. Jacobson: 1EEE Trans on Mag. Mag-23, No. 5, 1987 disclose 
the addition of aluminum and dysprosium or dysprosium oxide for this purpose. This publication also 
recognizes that chlorine contamination of the magnet results in deterioration of the corrosion resistance both 
in humid and in dry air at elevated temperature. Sagawa et al., Japanese Patent No. 63-38555, 1986 
disclose the addition of cobalt and aluminum to improve corrosion resistance. These alloying additions are 
45 combined with reduced carbon and oxygen contents. Takeshita, and Watanabe: Proceedings of 10th Int'l 
Workshop on RE magnets and their application (I), Kyoto, Japan, 1989 disclose the addition of oxides of 
chromium, yttrium, vanadium and aluminum for purposes of corrosion resistance in these alloys. H. 
Nakamura, A. Fukumo and Yoneyaaama: Proceedings of 10th Int'l Workshop on RE Magnets and Their 
Application (II) Kyoto, Japan, 1989, discloses the substitution of a portion of iron with cobalt and zirconium 
so for this purpose. A. Hasabe, E. Otsuki and Y. Umetsu: Proceedings of the 10th Int'l Workshop on RE 
Magnets and their Application (II), 

Kyoto, Japan 1989, disclose various anodic polarization techniques for improving corrosion resistance. 
All of these practices may result in improved corrosion resistance but otherwise provide problems, such 
as increased cost or degradation of magnetic properties. For example, the addition of cobalt increases the 
55 Curie temperature but causes a decrease in coercive force. The addition of the aforementioned oxides 
degrades the energy product of the magnets. 

It is accordingly a primary object of the present invention to provide a permanent magnet and a method 
for producing the same wherein improved corrosion resistance may be achieved while minimizing adverse 
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effects, such as degradation of the magnetic properties and increased cost. 

In accordance with one aspect of the invention there is provided a permanent magnet characterised by 
having improved corrosion resistance, which magnet consists essentially of Nd?-Fen-B with oxygen being 
equal to or greater than 0.6 weight 0 /©, carbon 0.05 to 0.15 weight % and nitrogen 0.15 weight % maximum. 
5 Preferably, oxygen may be 0.6 to 1.2 weight %, carbon 0.05 to 0.1 weight % and nitrogen 0.02 to 0.15 or 
more preferably 0.04 to 0.08 weight %. 

In accordance with the method of the invention the aforementioned magnet compositions may be 
heated in an argon atmosphere and thereafter quenched in a nitrogen atmosphere to further improve the 
corrosion resistance thereof. The heating in the argon atmosphere may be conducted at a temperature of 
70 about 550°C. 

All percentages are in weight percent unless otherwise indicated. 

Fig. 1 is a graph showing the weight loss of Fe-33.5% Nd-1.1% B-0.1 %C-(0.05 to 0.15%)N magnets 
made from atomized powder after exposure in an autoclave at 5-10 psi for 96 hours, as a function of the 
oxygen content of the magnet samples; 
75 Fig. 2 is a similar graph showing the weight loss of a magnet of the same composition as Fig. 1, except 
having 0.014 to 0.025% N, after 96 hours exposure in an autoclave at 5-10 psi, as a function of the 
oxygen content; 

Fig. 3 in a similar graph showing the weight loss after 96 hours exposure in art autoclave at 5-10 psi as a 
function of the oxygen content of magnets having the compositions in weight percent listed on this 
20 figure; 

Fig. 4 is a similar graph showing weight loss after exposure in an autoclave at 5-10 psi as a function of 
carbon content of magnets having the compositions in weight percent listed on this figure; 
Fig. 5 is a similar graph showing the weight loss of Fe-33.9% Nd-1.15% B-0.46% 0-0.055% N magnets 
after exposure in an autoclave at 5-10 psi as a function of carbon content, exposure time and surface 
25 treatment; 

Fig. 6 is a similar graph showing weight loss of Fe-33.9% Nd-1.15%B-0.33% 0-0.024% N magnets after 
autoclave testing for 40 hours at 5-10 psi as a function of the carbon content and surface treatment; 
Fig. 7 is a similar graph showing weight loss of Fe-Nd-B-0.45% O-0.10 to 0.16% C magnets after 
exposure in an autoclave for 40 hours and 96 hours at 5-10 psi as a function of the nitrogen content; and 
30 Fig. 8 is a similar graph showing weight loss of Fe-34.2% Nd-1.13% B-0'.55% 0-0.06% C magnets after 
exposure in an autoclave for 40 hours at 5-10 psi as a function of nitrogen content. 
To demonstrate the invention permanent magnet alloys and magnets made therefrom were produced 
by conventional powder metallurgy techniques. The permanent magnet alloy from which the magnet 
samples were produced contained one or more of the rare earth elements, Nd and Dy, in combination with 
35 iron and boron. 

The material was produced by vacuum induction melting of a pre-alloyed charge to produce a molten 
mass of the desired permanent magnet alloy composition. The molten mass was either poured into a mold 
or atomized to form fine powder by the use of argon gas. The alloy RNA-1 was atomized with a mixture of 
argon and nitrogen gas. With the molten material poured into a mold, the resulting solidified ingot casting 
40 was crushed and pulverized to form coarse powders. These powders, as well as the atomized powders, 
were ground to form fine powder by jet milling. The average particle sizes of these milled powders were in 
the range 1 to 4 microns. 

The oxygen content of the alloys was controlled by introducing a controlled amount of air during jet 
milling or alternately blending the powders in air after the milling operation. The nitrogen content was 

45 usually controlled by introducing a controlled amount of nitrogen during jet milling, but nitrogen was also 
introduced during atomization. The latter practice usually produced a high nitrogen content alloy. With high 
nitrogen content alloys, the nitrogen content was controlled by blending low and high nitrogen alloy 
powders. This practice was used to produce the samples reported in Table 11 hereinafter. The carbon 
content was controlled by introducing a controlled amount of carbon into the alloys during melting and/or by 

so blending high carbon alloy powder and low carbon alloy powder to achieve the desired carbon content. 

The alloy powders were placed in a rubber bag, aligned in a magnetic field and compacted by cold 
isostatic pressing. The specific alloy compositions used in the experimental work reported herein are listed 
in Table 1. 

55 
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75 The cold pressed compacts were sintered to substantially full theoretical density in a vacuum furnace at 
a temperature of 1030* C for one hour. A portion of the sintered or sintered plus heat treated magnet was 
then ground to a desired shape. Some of the ground magnets were further heat treated in various 
environments at different temperatures, as well as being subjected to surface treatment, such as with 
chromic acid. 

20 The samples were tested with respect to corrosion behavior using an autoclave operated at 5-10 psi in 
a steam environment at a temperature of 110-115* C for 18, 40 or 96 hours. After autoclave testing, the 
weight loss of the samples was measured with a balance after removing the corrosion products therefrom. 
The weight loss per unit area of the sample was plotted as a function of the oxygen, nitrogen or carbon 
content. The contents of oxygen, nitrogen and carbon in the magnet were analyzed with a Leco oxygen- 

25 nitrogen analyzer and carbon-sulfur analyzer. The corrosion product was identified by the use of X-ray 
diffraction. 

It has been determined from the work reported herein that the corrosion rate of Nd-Fe-B magnets is 
affected by the oxygen, carbon and nitrogen contents of the magnet alloy composition and the heat 
treatment cycle of the magnet. 

30 Figures 1-3 and Tables 2-5 report the weight loss for the reported magnet compositions after exposure 
in an autoclave at 5-10 psi within the temperature range of 1 10-11 5° C for 40 and 96 hours, as a function of 
the oxygen content. The weight loss of the magnet was measured per unit area of the sample during 
autoclave testing to provide an indication of the corrosion rate of the magnet in the autoclave environment 
As shown in Figure 1 and Table 2, the corrosion rate of the magnet decreases rapidly as the oxygen 

35 content increases from 0.2 to about 0.6%, and reaches a minimum when the oxygen content is between 0.6 
and 1.0%. With the minimum corrosion rate, the weight loss is less than t mg/cm 2 and the corrosion 
products are barely observable on the surface of the magnet sample after exposure in the autoclave 
environment for the test period. The oxygen content required to achieve the minimum corrosion rate varies 
depending upon the carbon and nitrogen contents with the corrosion rate decreasing rapidly as the oxygen 

40 content increases up to about 0.6%. As shown in Figure 2 and Table 3, the corrosion rate of the reported 
alloy also decreases rapidly with oxygen content increases from 0.2 to 0.6% and reaches the minimum at 
an oxygen content of 1.2%. In this regard as may be seen from Figures 1 and 2, the beneficial affect of 
oxygen on the corrosion rate shifts from a relatively high oxygen content of about 1 .0% to a relatively low 
oxygen content of about 0.6% as the nitrogen content is varied from a range of 0.014-0.025% to 0.05- 

45 0.15% with a carbon content of 0.1%. Hence, at these oxygen and carbon contents, the corrosion rate 
decreases as the nitrogen content increases from about 0.02% to between 0.05 to 0.15%. This data shows 
the significance of nitrogen and that nitrogen is beneficial in improving corrosion resistance within the 
oxygen content limits of the invention, including the preferred oxygen limit of 0.6 to 1.2%. 

50 
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The corrosion rates of the identical alloy composition used in obtaining the data reported in Figures 1 
and 2 except with varying nitrogen contents were compared as a function of the oxygen content. As shown 
in Figure 3 and Table 4, the corrosion rates of both magnets having low nitrogen (0.038%) and with higher 
nitrogen (0.064%) decreased rapidly as the oxygen content increased. It may be seen, however, that the 
corrosion rate progresses downwardly as the nitrogen content increases from 0.038 to 0.064% at the 
reported range of oxygen content with a carbon content of 0.13%. 
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Table 5 shows the corrosion rate or the reported alloy composition as a function of the oxygen content. 
The corrosion rate decreases as the oxygen content increases. It is noted, however, that the corrosion of 
this alloy is higher than that of the alloy Fe-33.9Nd-1.15B-0.064N-0.14C alloy shown in Table 4 at a similar 
oxygen content range. This indicates that the corrosion rate is also affected by the carbon content. From 
5 these results, it may be seen that the corrosion rate is affected not only by the oxygen content but also by 
the carbon and nitrogen contents. 
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Figures 4-6 and Tables 6-9 show the weight loss of Nd-Fe-B magnets after exposure in an autoclave 
20 environment at 5-10 psi at a temperature of 110-115* C as a function of the carbon content. 
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As may be seen from this data, when the oxygen content is greater than 0.6% and the nitrogen content 
is about 0.025%, the corrosion rate of the magnet decreases rapidly as the carbon content is increased up 

45 to about 0.05% and then reaches the minimum corrosion rate at about 0.06% carbon, as shown in Figure 4 
and Table 6 and 7. When the oxygen content is greater than 0.6%, the nitrogen content is 0.05-0.08% and 
the carbon content is within the range of 0.06-0.15%, the corrosion rate is at the minimum level. If the 
oxygen content is about 0.7%, and the carbon content exceeds 0.15%, the corrosion rate begins to 
increase. If the oxygen content is greater than 0.8%, then the minimum corrosion rate continues until the 

so carbon content reaches about 0.2%. This data indicates that carbon is an important element in affecting the 
corrosion rate even in the presence of relatively high oxygen contents. The significant carbon content for 
the minimum corrosion rate is about 0.05%, and the maximum carbon content for the minimum corrosion 
rate is about 0.15%. Therefore, when the oxygen content is in the range 0.6-1.2%, this carbon range results 
in the minimum corrosion rate. 

55 Figure 5 and Table 8 show that the corrosion rates or Nd-Fe-B magnets containing 0.46% oxygen and 
0.055% nitrogen decreases to their lowest levels when the carbon content is increased up to about 0.11% 
and then rises with further increases in the carbon content. 

It is noted that although the corrosion rate decreases to its lowest level when the carbon content is 
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within the above-stated range of the invention, the corrosion rate is still relatively high with an oxygen 
content of 0.46%, which is lower than the 0.6% lower limit for oxygen in accordance with the invention. This 
indicates that carbon reduces the corrosion rate but does not achieve this alone but only in combination 
with oxygen within the limits of the invention. Therefore, the minimum corrosion rate can be obtained by 

5 controlling both oxygen and carbon, as shown in Figure 4. 

Further reduction in the oxygen content as well as in the nitrogen content increases the overall 
corrosion rate, as shown in Figure 6 and Table 9. The corrosion rate of Nd-Fe-B magnet containing 0.33% 
oxygen and 0.024% nitrogen decreases to its lowest value when the carbon content is increased up to 
about 0.1% and then increases with further increases in the carbon content. The corrosion rate of this 

10 magnet as a function of the carbon content exhibits a much higher corrosion rate than that of the magnet 
containing higher oxygen. This indicates that the magnet containing relatively low oxygen is much more 
easily oxidized. From this data, it was determined that the carbon content to achieve desired low corrosion 
rates is within the range of 0.05-0.15%. 

Figures 7 and 8 and Tables 10 and 11 show the weight loss of Nd-Fe-B magnets after exposure in an 

75 autoclave environment at 5-10 psi at a temperature of 1 10-115* C as a function of the nitrogen content. 
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45 

As shown in Figure 7, when the carbon content is relatively high (0.1 0-0.1 6%C), the corrosion rate 
decreases as the nitrogen content increases from about 0.04 to about 0.07%. Similar behavior was also 
observed with respect to the data reported in Figures 1 and 2. When the nitrogen content increases from 

so 0.014-0.025% to 0.05-0.15% in the Fe-33.5Nd-1 .1 B-0.1C alloy, the corrosion rate decreases substantially at 
a similar oxygen content. When, however, the carbon content is relatively low (about 0.06%), the effect of 
the nitrogen content on the corrosion rate is adverse. Figure 8 and Table 1 1 show the weight loss of the 
reported magnets made from blends of nitrogen atomized powder (RNA-1) and argon atomized powder 
(Alloy 3), as a function of the nitrogen content Since the nitrogen atomized powder (RNA-1) contains a high 

55 nitrogen content (0.4%). a low nitrogen content alloy powder (Alloy 3) was blended in a proper ratio to 
control the nitrogen content of the alloy. As shown in Figure 8, the corrosion rate of low carbon content 
alloys increases slowly up to 0.1% nitrogen and then increases with further increases in the nitrogen 
content. Therefore, a high nitrogen content exceeding 0.15% nitrogen is detrimental to the corrosion 
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resistance of low carbon Nd-Fe-B magnets with nitrogen contents being beneficial within the range of 0.05- 
0.15% with carbon contents within the range of the invention. This data indicates that the carbon and 
nitrogen contents may adversely affect the corrosion resistance imparted by each if they are not each within 
the limits of the invention. This data also shows that the corrosion rate reaches a minimum even though the 

5 nitrogen content is as low as 0.025% when the oxygen and carbon contents are within the limits of the 
invention, as shown in Table 7 and Figure 4. From these results, the proper nitrogen content for a minimum 
corrosion rate is 0.15% maximum, preferably 0.02-0.15%, and more preferably 0.04-0.08%. 

Heat treatment in an argon atmosphere followed by a nitrogen quench substantially reduces the 
corrosion rate, as shown in Figure 8. 

70 As shown in Figures 5, 6 and 8, magnets heat treated in an argon atmosphere followed by nitrogen 
quenching exhibit a corrosion rate much lower than untreated magnets. This indicates that the corrosion 
resistance can be improved by this heat treatment but that the corrosion resistance cannot be improved to 
the extent achieved within the oxygen, carbon and nitrogen limits in accordance with the invention. The 
improvement in corrosion resistance achieved through this heat treatment may result from the modification 

75 of the magnet surface by forming a protective layer thereon. 

Tables 12, 13 and 14 show the weight loss of various Nd-Fe-B magnets after autoclave testing, as a 
function of the surface treatment or heat treatment. 
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35 As shown in Table 12, the magnet heat treated at 550° C in an argon atmosphere followed by nitrogen 
quenching exhibited a corrosion rate lower than that of the control sample (a ground and untreated magnet), 
while magnets heat treated at 550° C in nitrogen or heated at 900° C in vacuum, argon or nitrogen exhibits 
corrosion rates higher than that of the control sample. This data shown that heat treatments other than at 
about 550° C in argon followed by nitrogen quenching form a non-protective layer and thus increase the 

40 corrosion rate of the magnet. Table 13 also shows the weight loss of various magnets after autoclave testing 
as a function of heat treatment. As shown in Table 13, heat treatment at 550° C in argon followed by a 
nitrogen quench substantially reduces the corrosion rate from that of the control sample, while heat 
treatment at 550 C in nitrogen and argon followed by nitrogen quenching increases the corrosion rate. As 
shown in this table, preheating the sample at 200 C in air or nitrogen increases the corrosion rate over that 

45 of the control sample. However, the magnet heat treated at 550 C in argon followed by a nitrogen quench 
exhibits a further decrease in the corrosion rate after heating at 200° C in air. Improved corrosion resistance 
is also achieved by heat treating in vacuum at 550 C followed by argon quenching. As shown in Table 14 a 
heat treatment in a vacuum at 550° C or 900 'C substantially reduces the corrosion rate from the control 
sample, while heat treatments at 550 C in nitrogen or oxygen containing environments or in argon followed 

so by air quenching increases the corrosion rate 

significantly. Heat treatment at 550* C under argon slightly improves the corrosion resistance. 

Table 15 shows those phases identified by X-ray diffraction formed on the surface of the magnets after 
various heat treatments. 

55 
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Table 16, 17 and 18 show magnetic properties of various Nd-Fe-B magnets as a function of the carbon, 
nitrogen and oxygen contents. 
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As shown in Table 16 with fixed carbon and nitrogen contents, the higher oxygen content gives slightly 
higher remanence (Br) and slightly lower intrinsic coercivity (iHC) than at a lower oxygen content. As the 
carbon content increases from 0.014 to 0.056%, the remanence remains the same and the intrinsic 

45 coercivity increases substantially from 11.4 to 13.0 KOe. This indicates that the magnetic properties 
generally improve as the carbon content increases up to about 0.06%. With higher carbon contents, both 
remanence and intrinsic coercivity remain the same with carbon content increases from 0.070 to 0.11% and 
begin to decrease with further increases in the carbon content, as shown by the data presented in Table 17. 
It should be noted, however, that the squareness and H k value decrease as the carbon content increases. 

50 An additional example of the effects of high carbon are shown in the data presented in Table 1 8. Unlike the 
data presented in Table 17, in the tests reported in this table the intrinsic coercivity of the magnet 
decreased as the carbon content increased from about 0.06%. The remanence slightly increased up to 
about 0.1% carbon and then decreased with further increases in the carbon content. The squareness and 
Hk value also decreased as carbon content increased. These results indicate that the magnetic properties 

55 as a function of the carbon content vary depending upon the alloy composition. In general, as the carbon 
content increases up to about 0.06%, the magnetic properties may improve. When the carbon content 
increases from 0.06 to about 0.11%, the magnetic properties may remain the same or decrease slightly. 
Further increases in the carbon content may reduce the magnetic properties substantially. When the 
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nitrogen content is relatively low (less than 0.08%), the magnetic properties do not change significantly. 
However, if the nitrogen content is high (greater than 0.15%) it forms NdN by consuming the neodymium- 
rich phase, which deteriorates the magnetic properties, densification and corrosion resistance. 

As may be seen from the data reported and discussed above in accordance with the invention, the 
5 corrosion rate of the magnets decreases with increasing oxygen content and reaches a minimum with an 
oxygen content within the range of 0.6 to 1.2% with the maximum carbon content being 0.15%. The effect 
of oxygen on corrosion resistance is dependent upon the carbon and nitrogen contents, which must be 
maintained within the limits of the invention. 

The corrosion resistance is also improved with proper heat treatment to form a protective oxidation 
io resistant layer on the magnet surface. 

The magnetic properties also vary with the oxygen, carbon and nitrogen contents. 

Claims 

75 1. A permanent magnet characterised by having improved corrosion resistance and consisting essentially 
of Nd2-Feu-Bwith oxygen equal to or greater than 0.6 weight %, carbon 0.05 to 0.15 weight %, and 
nitrogen 0.15 weight % maximum. 

2. A permanent magnet according to Claim 1, characterised by comprising oxygen 0.6 to 1.2 weight %, 
20 carbon 0.05 to 0.1 weight % and nitrogen 0.02 to 0.15 weight %. 

3. A permanent magnet according to Claim 2, characterised by comprising nitrogen 0.04 to 0.08 weight 
%. 

25 4. A permanent magnet according to Claim 1, characterised by comprising oxygen 0.6 to 1.2 weight %. 

5. A method for producing a permanent magnet having improved corrosion resistance, said method 
comprising producing a permanent magnet consisting essentially of Nd2-Fei4-B with oxygen equal to 
or greater than 0.6 weight %, carbon 0.06 to 0.15 weight %, and nitrogen 0.15 weight % maximum, 

30 heating said permanent magnet in an argon atmosphere and thereafter quenching said permanent 
magnet in an atmosphere selected from the group consisting of argon and nitrogen. 

6. A method for producing a permanent magnet having improved corrosion resistance, said method 
comprising producing a permanent magnet consisting essentially of Nd2-Fei*-B with oxygen equal to 

as or greater than 0.6 weight %, carbon 0.05 to 0.15 weight %, and nitrogen 0.15 weight % maximum, 
heating said permanent magnet in a vacuum at a temperature within the range of 550 to 900°C and 
thereafter quenching said permanent magnet in an atmosphere selected from the group consisting of 
argon and nitrogen. 

40 7. A method according to Claim 5 or 6, characterised in that the permanent magnet comprises oxygen 0.6 
to 1.2 weight %, carbon 0.05 to 0.1 weight % and nitrogen 0.02 to 0.15 weight %. 

a A method according to Claim 7, characterised in that the permanent magnet comprises nitrogen 0.04 to 
0.08 weight %. 

45 

9. A method according to Claim 5 or 6, characterised in that the permanent magnet comprises oxygen 0.6 
to 1.2 weight %. 

10. A method according to any of Claims 5 to 9, characterised in that said heating in an argon atmosphere 
so is conducted at a temperature of about 550°C. 
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FIG. 3 
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FIG, 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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